Two test statistics that have been commonly used in analysing interactions in contingency table are the Pearson's Chi-square statistic, χ 2 , and likelihood ratio test statistic, G 2 . Both test statistics, in tables with sufficiently large sample size, have an asymptotic chi-square distribution with degrees of freedom (df) equal to the number of free parameters in the saturated model. For example under the hypothesis of independence of the row and column conditioned on the layer in an I × J × K contingency table, the df is K(I − 1)(J − 1). These test statistics, in large sized tables, will have less power since they have large degrees of freedom. This paper proposes a product effect model, which combines the advantages of the multiplicative models over the additive, for analysing the interaction between the row and column of the 3-way table conditioned on the layer. The derived statistics is shown to be asymptotically chi-square with a small degree of freedom, K − 1, for the I × J × K contingency table. The performance of the developed statistic is compared with the Pearson's chi-square statistic and the likelihood ratio statistic test using an illustrative example. The results show that the product effect test can detect interaction even when some of the main effects are not significant and can perform better than the other competitors having smaller degree of freedom in large sized tables.
and C. The probability distribution { } ijk π is the joint distribution of A, B, and C. Interaction in the 3-way contingency has been tested using the chi-square statistic and the likelihood ratio test statistic with ( )( )( )
Model for 3-Factor Interaction
Let us assume that we have an I × J × K 3-way contingency, representing respectively the row, column and layer classifications of the table, and that the K-dimensional vector { } n n ′ are independent for all . k k′ ≠ The 3-way contingency table under the multinomial structure described above is similar to the layout of a three-factorial experiment with one observation per cell. In the spirit of [7] and drawing an analogy from the factorial experimental structure, a linear additive model for the observed cell probability in the ( ) , , i j k -cell can be written as in (1.2) . The interest is in the consideration of models where these probabilities depend on a vector i x of covariates associated with the ( ) 
and are independent of the k th layer. The relation (1.3) can be recast in vector notation as
where, 
Estimation of the parameters of this model ( 
The matrix n is given as 111 121 1 1  211  221  2 1  11  21  1   112 122  1 2  212  222  2 2  12  22  2   11  12  1  21  22  2  1  2 , , , [12] has demonstrated the advantages of the multiplicative interaction models over the additive. 
Development of Test Statistics Based on the Model
From (1.5) or (1.6) the residual after substituting (2.1) becomes
The matrix of sum of squares sum of product (SS-SP) for interaction from (2.3) is ( )
t the -th diagonal positionˆa t the , th off diagonal position 
The total sum of squares and cross product (SS-SP) is given as 
The total SS-SP matrix T H can be partitioned into unit SS-SP, u H , SS-SP due to the row effect, H τ , SS-SP due to the column effect, H β , and SS-SP due to the residual, z H , namely 
The matrix of SS-SP for the row effect, H τ , is ( )
..ˆa t the -th diagonal positionˆˆˆa t the , off diagonal position
With expectation, 
The matrix of SS-SP, H β , due to the column effect is ( ) 
The matrix of SS-SP for the residual (2.3) is ( ) 
Since the cross-product terms will vanish on taking expectation because of independence and restriction in (1.4) 
However, whether or not 0 : 0 H c = is true,
where V is as defined in (2.10). Each of the quantities ( )
H provides an estimate of V and can be employed in the construction of tests of significance of the row, column effects and interaction provided that they are independent.
Independence of H T , H c , H τ , H β
By appealing to the following theorem [13] , it can be shown that the quadratic forms H T , H c , H τ and H β , are independent. 
Construction of Test Statistic for the Hypothesis
The matrix B is of full rank, ( )
is a non-singular transformation of the matrix H c and so also is the matrix It has been shown, [16] , that 
The best value of m for the expectation on both sides of (3.13) to be equal is ( )
and can provide a test criterion for the rejection or non-rejection of 0 :
The test rejects the hull hypothesis if ( ) 
Illustrative Example
The application of the developed test makes use of data taken from [17] (see Table 1 ). The data represent the attitude of 333 undergraduate students of University of Nigeria towards taking up teaching as a profession after graduation. The students were sampled from three groups of faculties, 1 F Table 2 . Multanova of categorical data for attitude of students towards teaching.
